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Applicant 



This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

I search report consists of a total of sheets. 



j It is also accompanied by a copy of each prior an 



cited in this report. 



I. Basis of the report 

a. With regard to the language, the international search was carried out on the basis of: 

1^1 the international application in the language in which it was filed 

I I a translation of the international application into , which is the language 

ofa translation furnished for the purposes of international search (Rules 12.3(a) and 23. 1(b)) 

b. Q With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 



j | Certain claims were found unsearchable (see Box No. ID 

| 1 Unity of Invention is lacking (see Box No. Ill) 

. With regard to the title, 

|^| the text is approved as submitted by the applicant 

| j the text has been established by this Authority to read as follows: 



5. With regard to (he abstract, 

1^1 the text is approved as submitted by the applicant 

I I the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this Authority 

6. With regard to the drawings, 

a. the figure of the drawings to be published with the abstract is Figure No. J6 

P*^| as suggested by the applicant 

| | as selected by this Authority, because the applicant failed to suggest a figure 

| 1 as selected by this Authority, because this figuie better characterizes the invention 

b. [U none of the figures is to be published with the abstract 
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date and not in conflict with die application but cited to understand 
the principle or theory underlying the invention 
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filing date 

"L" document which may throw doubts nn priority claim's) or which is 

cited to establish the publication date of another citation or other ..y. 
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"O" document referring to an oral disclosure, use, exhibition or other combined with one i 

means being obvious to a person situiea in me an 

"P" document published prior to the international filing date but later than document member of the same patent family 
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Box No. I Basis of this opinion 

1. With regard to the language, this opinion has been established on the basis of: 
[XI the international application in the language in which it was filed 

I | a translation of the international application into , which is the language of a 

translation furnished for the purposes of international search (Rules 12.3(a) and 23. 1(b)). 

2. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and necessary to the 
claimed invention, this opinion has been established on the basis of: 

a. type of mate rial 

□ a sequence listing 

I | table(s) related to the sequence listing 

b. format of material 

□ on paper 

I I in electronic form 



C3 contained in the international application as filed 

I I filed together with the international application in electronic form 

I I furnished subsequently to this Authority for the purposes of search 

3. Q In addition, in the case that more than one version or copy D!~a sequence listing and/or table(s) relating thereto has been 

filed or furnished, the required statements thai the information in the subsequent or additional copies is identical to that 
in the application as filed or docs not go beyond the application as filed, as appropriate, were furnished. 

4. Additional comments: 
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Claims 1-56 
icability (IA) Claims 1-56 



Citations and explanations: 

ims 1 S. 21 , 24 and 25 lack novelty under PCT Article 33(2) as being anticipated by US 2004/0024347 A1 to Wilson et al. (hereinafter 
Wilson). 

. _ per claim 1 9. Wilson discloses a method comprising positioning a catheter al a treatment site with a patients vasculature, the catheter 
being positioned partially within an occlusion (para [0106]); delivering a therapeutic compound from the catheter to the occlusion (para 
(01 06]); and delivering a plurality of packets of ultrasonic energy from an ultrasound radiating member posilionBd within the catheter to the 
occlusion wherein the packets comprise a plurality of pulses of ultrasonic energy having an amplitude that vanes pulse to pulse (para 
[0102]). 

, „ claims 21, 24 and 25. Wilson further discloses wherein the packets of energy are temporally separated by a period wherein 
substantially no energy Is delivered to the site (para [0103]); measuring a temperature at Ihe treatment site after at bast one of the packet 
of energy is delivered to the occlusion (para [0095]): and modifying the amplitude of the pulses of energy in response to the temperature 
measurement (para (0095]). 



Statement 
Novelty (N) 



As per claim 1, Wilson discloses a method of applying ultrasonic energy to a treatment site within a patients vasculature [para [00181); 
comprising positioning an ultrasound radiating member at the site (para [0106]); and activating the member to produce pulses of ultrasonic 
energy at a cycle period T less than or equal to 1 (para [0102]-[01 03]). Wilson does not disclose wherein each pulse of energy has a first 



discloses wherein each pulse of energy has a first peak amplitude for a first duration, and a second reduced amplitude that is less than th 
nrst amplitude for a second duration (col 9. In 26-32). It would have been obvious to one of ordinary skill In the art to modulate the 
amplitude of the energy pulses as taught by Shadduck in the method taught by Wilson In order to Induce and maintain cavltatron while 
avoiding heat damage to surrounding tissue. 

As per claims 5. 6. 9 and 10. Wilson further discloses delivering a therapeutic compound to the treatment site concurrently with the 
ultrasonic energy (para [001 4]); wherein the member operates with an acoustic efficiency greater man about 50% (para [0105]); wherein 
the pulses of energy have a duty cycle that Is between about 1 % and about 50%; and measuring a temperature at Ihe site and adjusting 
thB duty cycle based on the temperature measurement (para [0091]). 



is 3, 7, and B, Wilson dii 



m 1, above. Wilson 



portion of the second duration occurs before the first duration is terminated; wherein the first peak 
amplitude Induces cavitation at the site: and wherein the first duration is shorter than the second duration. Shadduck discloses wherein at 
" portion of the second duration occurs before the first duration Is terminated (col 9 ,ln 26-32); wherein Uie first p*ak amplitode 
s cavitation at the site (col 10. In 36^6); and wherein the first duration Is shorter than the second duration (col 9, In 26-32). It would 
een obvious to one of ordinary sklS In the art to control the duration and amplitude of the pulses as taught by Shadduck in the 
method taught by Wilson in order to induce and maintain cavitation while avoiding collateral damage to surrounding tissue. 

1 1 1 Wilson discloses a method comprising positioning an ultrasound radiating member at a treatment Bite within a patients 
«.-• ••muio (para [0106])' delivering pulses of ultrasonic energy to the treatment site from the member wherein the pulses include a 
variable amplitude (para I.0102HO103]); and delivering a therapeutic compound to the site simultaneously with the delivery of the pulses 
(para [0014]). Wilson does not disclose wherein the pulses have an increased pulse amplitude during a first pulse segment and a reduced 
pulse amplitude during a second pulse segment Shadduck discloses wherein the pulses have an Increased pulse amplitude dunng a first 
pulse segment and a reduced pulse amplitude during a second pulse segment (col 9. In 26-32). It would have been obvious to one of 
ordinary skill in the art to modulate the amplitude ol the energy pulses as taught by Shadduck in the method taught by Wilson In order to 
induce and maintain cavitation while avoiding heat damage to surrounding tissue. 
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Box V.2. Citations and explanations: 

As per claims 12, 13 and 15-1 8, Wilson further discloses wherein tin 

[0102]); the second pulse segment occurs before the first pulse segment (para [0102J); the pulses have a cycle period T less thb, 
to one second (para [0102)-[0103)); and the sum of a duration of the first segment and a duration of the second segment is betw< 
5% and about 25% of the cycle period T (para [0103]). Wilson further discloses wherein a plurality of ultrasound radiating membe 
- >ned at the site (para 10017]}; a first ultrasonic waveform is delivered from a first ultrasound radiating member to the site; and a 

d ultrasonic waveform is delivered from a second ultrasound radiating member to the site (para [0014]); further wherein the first and 

second waveforms are delivered to the site simultaneously (para [0014]). 



As per claim 14, Wilson discloses a method comprising positioning an ultrasound radiating member at : 



As per claims 22 and 23, Wilson discloses a method comprising positioning a catheter at a treatment site with a patients vs. - 

discussed with respect to claim 1 9, above. Wilson does not disclose wherein the plurality of pulses of ultrasonic energy have an amplitude 
that varies slnusoidally from pulse to pulse; and the plurality of pulses of ultrasonic energy includes at least one trigger pulse having 
sufficient power to induce cavitation at the treatment site. Shadduck discloses wherein the plurality of pulses of ultrasonic energy have 
amplitude that varies sinusoidally from pulse to pulse (col 9. In 26-32); and the plurality of pulses of ultrasonic energy includes at least one 
trigger pulse having sufficient power to induce cavitation at the treatment site (col 10, In 38-46). It would have been obvious to one of 
ordinary skill In the art to vary the amplitude of the pulses and to Initiate cavitation with a pulse of sufficient energy to induce cavitation as 
taught by Shadduck in the method taught by Wilson in order to Induce and control cavitation at the treatment site. 

and 47. Wilson discloses a catheter system eomprislnB an elongate tubular body having a distal region and a proximal 
region = vmumio me distal region (para [0014]); an ultrasound radiating member positioned adjacent to the distal region or the tubular body 
(para [00141); a fluid delivery lumen extending through at least a portion of the tubular body and a fluid delivery port that Is configured 
deliver a fluid within the fluid delivery lumen to a region exterior to the tubular body (para [0014]); and a control system configured to 



Supplemental Box 

In case the space in any of the preceding boxes is not sufficient. 



, r _ _ . Shadduck discloses wherein the pulses have a pulse amplitude that va 

IhefncreasBd pulse amplitude and the reduced pulse amplitude (col 9, In 26-32). II would have been obvious to ( 
skill in ihe art to vary the amplitude of the energy pulses as taught by Shadduck in the method taught by Wilson In order !< 



deliver a nuio wimin me nuio oenvery luroori iu <t iouium »»»» "™"/ ' ■ '"■ • - - * , , 

provide a control signal to the ultrasound radiating member wherein the signal causes the member to generate a plurality of pulses of 
ultrasonic energy (para [0017]). Wilson does not disclose wherein a first pulse of onergy has an amplitude that is greater than a second 
pulse of energy: and wherein the plurality of pulses of energy have an amplitude that varies slnusoxtally torn pulse to pulse. Shadduck 
discloses wherein a first pulse of energy has an amplitude that Is greater than a second pulse of energy (col 9, In 26-32).; and wherein the 
plurality of pulses of energy have an amplitude that varies sinusoidally from pulso to pulse (col 9, In 26-32). It would have been obvious to 
one of ordinary skill in the art to vary the amplitude of the pulses as taught by Shadduck in the method taught by Wilson in order to Induce 
and control cavitation at the treatment site. 

As per claims 48. 49, 55 and 56, Wilson further discloses wherein the first pulse of energy has a peak power of greater than about 1 5 watts 
(para [0067]); and the catheter system further comprises a temperature sensor wherein the control system Is configured to modify the 
control signal based on a temperature signal generated by the temperature sensor (para [0095]). 

As per claims 50 and 54, Wilson discloses a catheter system comprising an elongate tubular body having a distal region and a proximal 
region opposite the distal region (para [0014]); an ultrasound radiating member posffloned adjacent to Ihe distal region of the tubular body 
(para [0014]); a fluid delivery lumen extending Ihrough at least a portion of the tubular body and a fluid delivery port that is configured to 
deliver a fluid within the flub I delivery lumen to a region exterior to the tubular body (para [0014]); and a control system configured to 
provide a control signal to the ultrasound radiating member wherein the signal causes the member to generete a plurality of pu ses of 
ultrasonic energy (para [0017]); at a cycle period T less than or equal to one second (para [0102H0103]). Wilson does not disclose 
wherein a selected pulse of ultrasonic energy has a first peak amplitude for a first duration and a second reduced amplitude that is less 
than the first peak for a second duration; and wherein at least a portion of the second duration occurs before Ihe first duration is 
terminated. Shadduck discloses wherein a selected pulse of ultrasonic energy has a first peak amplitude for a first duration and a second 
reduced amplitude that is less than the first peak for a second duration (col 9, In 26-32); and wherein at least a portion o the second 
duration occurs before the first duration is terminated (col 9, In 26-32). It would have been obvious to one of ordinary skill in the art to vary 
the power and amplitude of the pulses as taught by Shadduck In the catheter taught by Wilson In order to induce and control cavitation at 



Claims 20, 26-29 and 36-40 lack an Inventive step under PCT Article 33(3) as being obvious over Wilson in view of US 5.342.292 A' 



Please See Continuation Sheet — 
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Supplemental Box 

In case the space in any of the preceding boxes is not sufficient. 

Continuation of: 
Box V.2. Citations and ex 

catheter configured to be Inserted into a patients vascular system comprising ar 
longitudinally from an outer sheath proximal region to an outer sheath distal 

ad In the central lumen, the Inner core defining a utility lumen (para [0014]); and 

„„,,„ ,., ., ., _ hollow Inner passage through which the inner core passes wherein the member is positioned 

„ — .. the inner core and outer sheath (para [0060]). Wilson does not disclose wherein the outer sheath Includes an outer 

surface having a cavitation promoting region located adjacent to the ultrasound radiating member and a smooth region located proximal t 
Ihe cavitation promotion region wherein the cavitation promotion region has an increased surface roughness compared to the smooth 
region; and wherein the outer sheath has an outer diameter of less than ah ' ' 




.... „„„., „, „„„. „„„„„., . region located adjacent to the ultrasound radtatlng member and a smooth region 

toratedVoio'mal tottie cavitation promotion region wherein the cavitation promotion region has an Increased surface roughness compared 
to the smooth region (col 4. In 3-6). It would have been obvious to one of ordinary skill in the art to include the cavitation promoting surface 
taught by Nita in the catheter taught by Wilson in order to induce cavitation at lower energies. Furthermore, it would have bBen obvious 
■ upon experimentation and design choice to select 5.2 French as the size for the catheter in Wilson In order to utilize the catheter at 
lectad treatment site. 

As per claim 29. Wilson discloses a catheter system for delivering ultrasonic energy and a therapeutic compound to a treatment site \ 
body lumen comprising a tubular body having a proximal end, a distal end and a fluid delivery lumen extending at least partially through 



„,«, .u^,.. ...... .«.„..„ ... .... in an energy delivery section (para (0014)); an Inner core configured for 

tubular body, the Inner core comprising a plurality of ultrasound radiating members connected to an elongate elecblcal conductor (para 
[0060J); and wiring such that a voltage can be applied from — - - - — - «•» 

radiating members such that the selected pluralist of mem! 
(herein the energy delivery section is positioned between ... 
cavitation promoting surface having and Increased surface roughness. Nita discloses wherein the energy delivery section is positioned 
etween the proximal end and the distal end wherein the energy delivery section Includes a cavitation promoting surface having and 
..icreased surface roughness (col 4, In 3-6). It would have been obvious to one of ordinary skill in the art to Include the cavitation promoting 
surface taught by Nita In the catheter taught by Wilson In order to indues cavitation at lower energies. 

As per claims 36-40. Wilson discloses an ultrasound catheter comprising an elongate tubular body having a proximal region and a distal 
region wherein an energy delivery section is Included within the distal region of the tubular body (para [0014]): en ultrasound radiating 
member positioned adjacent to the energy delivery section of the tubular body (para [0014]); a fluid delivery lumen positioned within the 
tubular body and a fluid delivery port that Is configured to deliver a fluid within the delivery lumen to an exterior region of Ihe ultrasound 
catheter (para [0014]); further wherein the fluid delivery lumen passes through a hollow inner core of the member (para [0014}); and the 
fluid delivery port is positioned at a distal end of the tubular body and on the exterior surface of the ultrasound catheter (para [0014]). 
Wilson does not disclose wherein the catheter comprises a cavitation promoting surface that Is formed on an extenor surface of the 
catheter and that Is exposed to ultrasonic energy when the member is activated; and wherein the fluid delivery port Is positioned on the 
cavitation promoting surface. Nita discloses wherein the catheter comprises a cavitation promoting surface that Is formed on an extenor 
surface ol the catheter and that is exposed to ultrasonic energy when the member is activated (col 4. In 3-6); and wherein the fluid delivery 
port Is positioned on the cavitation promoting surface (col 6, In 40-46). it would have been obvious to one of ordinary skill in the art to 
include a fluid delivery port positioned on the cavitation promoting surface taught by Nita in the catheter taught by Wilson in order to dellve 
therapeutic compounds to the cavitation area. 

Claims 2. 4. 30-35. 44 and 51 lack an inventive step under PCT Article 33(3) as being obvious over Wilson In view of Shadduck. further In 




claim 1. above. Wilson and Shadduck do not i. 

_. the treatment site such that the cavitation surface is present at the treatment site when the 
the ultrasound member Is movable with respect to a cathete ' ' "* - ' : 
cavitation promoting surface at the treatment site such that : 
member is activated (col 4, In 3-6); and wherein the uttrasoi 

the treatment site (col 3, In 26-35). It would have been obvious t ... 

and to allow the member to move relative to the catheter as taught by Nita in the method taught by Wilson and Shadduck In order to Induce 
cavitation at lower energies and to direct the energy to selected treatment sites. 
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claims 30-35. Wilson discloses a method of treating a vascular occlusion comprising delivering a catheter with a plurality of 

wnd radiating members to a treatment site within ■ « tabents vasculature (para [0014)); whareln the occlusion is located at the 

treatment site (para [0106]); the ultrasonic energy has a duly cycle between about 1 % and about 1 0% (para [0102]); and the ultrasonic 
energy has a frequency between about 1.2 MHz and about 2.2MHz [para [0067]). Wilson does nd disclose wherein the method further 

- J ~ ' ent to the site. However, II would have been obvious, based upon experimentation and 

to include a contrast agent in the method taught by Wilson In order to visualize the 

Wilson also does not disclose wherein the catheter includes a cavitation promoting surface region having an increased surface roughness 
as compared to surface regions adjacent the cavitation promoting surface. Ni" *' ' * 
promoting surface region having an increased surface roughness as compar< 
surface (col 4, In 3-6). It would have been obvious to one of ordinary skill in Uib art to ln< 
■ " method taught by Wilson in order to induce cavitation at lower energies. 

Wilson also fails to disclose delivering ultrasonic energy to Ihe site from the catheter so as to generate cavitation at the site; and wherein 
the ultrasonic energy has a peak acoustic pressure that is preferably between about 1.8 MPa and 3.8 MPa; and wherein the ultrasonic 
energy has a spatial average acoustic pressure that is preferably between about 1.4 MPa and 3.4 MPs. Shaddock discloses delivering 
ultrasonic energy to the site from Ihe catheter so as to generate cavitation at the site (col 10, In 36-46); and wherein the ultrasonic energy 
has a peak acoustic pressure that Is preferably between about 1.8 MPa and 3.8 MPa; and wherein tha ultrasonic energy has a spatial 
average acoustic pressure that Is.preferably between about 1.4 MPa and 3.4 MPa (col 10, In 36-46). It would have been obvious to one of 
ordinary skill In the art to Include inducing cavitation at the treatment site and to use suitable levels of acoustic pressure as taughl by 
Shadduck in the method taught by Wilson and Nlta in order to effectively ablate the occlusion without damaging surrounding tissue. 

With respect to claims 44 and 51, Wilson and Shadduck disclose the catheter system discussed with respect to claims 43 and 50. above. 
Wilson and Shadduck do not disclose wherein the catheter system further comprises a cavitation promoting surface that is exposed to 
ultrasonic energy when the control signal Is provided to the ultrasonic member. Nlta discloses wherein the catheter system further 
comprises a cavitation promoting surface that is exposed to ultrasonic energy when the control signal Is provided lo tha ultrasonic member 
(col 4, In 3-6). II would have been obvious to one of ordinary skiH In the art to include a cavitation promoting surface which is controllably 
exposed to ultrasonic energy as taught by Nita in the system taught by Wilson and Shadduck In order lo Induce cavitation at lower 

Claims 41 and 42 lack an Inventive step under PCT Article 33(3) as being obvious over Wilson In view of Nlta, further in view of US 
6.524,251 B2 to Rabiner et al. (hereinafter Rablner). Wilson and Nita disclose the ultrasound catheter discussed with respect to claim 3B, 
above. Wilson and Nlta do not disclose wherein when the ultrasound radiating member Is activated, cavitation occurs adjacent to Ihe 

" but does not occur adjacent to other regions; and wherein the cavitation promoting surface is configured to 
" "— ,J Rabiner discloses wherein when the ultrasound radiating member Is activated, 

but does not occur adjacent to other regions (col 4, In 3-15); and wherein the 

^„.„.,u., f , „,~ ,., .-„.„.,-,„,,,. -Bts thereon when immersed in a liquid (col 6. In 32-36). It would have been 

obvious to one of ordinary skill in the art to limit cavitation to the area around the cavitation promoting surface and to configure the 
cavitation promotion surface to entrap gas as taughl by Rabiner In the catheter taught by Wilson and Nita in order to direct cavitation to 



Claims 45, 46. 52 and 53 lack an in' 
of Nita. further In view of Rabiner. V\ 

above. Wilson, Shadduck and Nita do not disclose wherein the control signal is cc. ..... .. 

cavitation promoting surface but to not cause cavitation adjacent to other regions of the catheters; and wherein the cavitation promoting 
surface is configured to entrap gas pockets thereon when immersed in a liquid. Rabiner discloses wherein the control signal is configured 
to cause cavitation In a region adjacent to the cavitation promoting surface but to not cause cavitation adjacent to other regions of the 
catheters (col 4, In 3-15); and wherein the cavitation promoting surface is configured to entrap gas pockets Ih— «>'--• — — ■ • 
liquid (col 6, In 32-36). It would have been obvious to one of ordinary skill in the art to limit cavitation to the an 
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Where 



How 



: 1* — , - . - - - — -* — - - — - 

What documents must/may accompany the amendments ? 
Letter (Section 205(b)): 

The amendments must be submitted with a letter. It shouW not be 



in PCT/ISA/220 (first sheet) (January 2004) 



NOTES TO FORM PCT/ISA/220 (cootmued) 

The letter must indicate the differences between ^^J^^£^U^&^ °* 

(i) the claim is unchanged^ 
( i i ) the claim is carwJled . 
(iii) the claim is new; 

f iv) the cla,m replaces one or more cla.ms as fi eel. 

Cv, the da.m . the resu.t of the divts.cn of a eta t - jn {he a£Companyi „ e 
ThefoHowlngexamplesiHu^.ethernanneHnwnicna.endme^rn^beexp.a 

•'Claims I to 29, 31. i«. j „, ,. i. 49 i n 31 added 

claims 30. 33 and 36 unchanged; new claims 49 ^ ^ ^ ^ ^ , , j; 

2 [Where ongmally there were 1 5 claims and aflei ^amert 



"Claims 7 to I 3 cancelled; ne* c.aims 
such amendments might have on the description 

|t rourf o, i. the l^page » wh,ch the «^"*™ J* Ush . 
Um-t^brief.not ending 

itshou.dno, he confused w^^^^ 

and as amended: It mast be filed on a separate »» 

u^hTwords "Statement under Arade 19(1). ^ the relevance of c.tations 

te may not contain any disparaging " ^ ,n,en,a " 0n3 ' 

^r^ 

C 0 „se,«e n ceifade^ 

' if, * the ume of fding any 3-drnen" ^d ^ 

sentence). For further mformahon, see the Notes , mernal ionai Searching 

cOTderdlotea^^^ 1 ^^ Examining Authonty a rep^ to Ae^tten p^ rf 
PCT^2?oCr5foreAe expiration of 22months from the pnonty date, 

a^ted/elecKd Office, see the PCT <** 



; -^ n 7^^ 20 (second sheet) (January 2004) 



